Introduction
In November 2009, the USPSTF (US Preventive Services Task Force) updated breast cancer screening guidelines to recommend that women 40-49 years old should no longer routinely receive mammography for breast cancer screening [1] . These recommendations led to considerable controversy in both the medical field and the media [2, 3] . Since the guidelines changed, some studies have found a decrease in mammography among 40-49 year olds, while others have observed no decrease [4] [5] [6] [7] . In particular, a national retrospective analysis of privately insured women found that there was a modest decrease in monthly screening mammography rates, but that the rates then increased within a year after the recommendations were made [4] . However, data from the NHIS (National Health Interview Survey) showed that women reporting guideline compliant mammography use (were screened in the past 3 years) remained stable, even after the guidelines were changed [5] . Although there are already studies on this topic, there is little information about whether there are geographic differences in adherence to mammography screening trends, and whether differences could affect national observations.
Regional variation has been found to exist for adherence to cancer prevention practices. For example, access to mammography facilities has been found to vary between counties, with lower capacity available in those with populations that had lower education levels, increased poverty, and a higher proportion of women D DAVID PUBLISHING
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Impact of a USPSTF Guideline Change 175 over 65 years of age [8] . Not only availability has an effect on utilization. Differences in demographics, cultural views, or legislation between regions may also have an effect on the utilization of preventive health practices on a population level. Compliance with guidelines for other preventive practices, such as human papillomavirus vaccination, varies by geography, with states in the South having particularly low rates [9] . Although it is currently not completely understood why these variations exist, state and regional policies, in particular, affect the uptake of preventive healthcare. It is important to determine whether regional variations in population screening behaviors exist because significant regional variations could be masked when conducting analyses on national-level data. The purpose of the present study is to examine whether there were regional variations in USPSTF mammography guideline adherence among 40-49 year old women.
Materials and Methods
This retrospective cohort study used health insurance claims from Clinformatics™ DataMart, a product of OptumInsight Life Sciences, Inc. (Eden Prairie, MN) administrative health data to select 40-59 year old women that were enrolled in a private insurance plan to examine the proportion who received mammography services during any biennial period of enrollment between 2005 and 2012. The dataset contains information on more than 45 million individuals, with 80% who purchase their health insurance through employers. The dataset has been de-identified, and contains no information about participants' socioeconomic status or ethnic background. The population in this dataset is roughly representative of the demographics of working US adults, but does have higher representation in the South. Data reflect health claims that have been paid by the insurance company, based on submissions from doctors across the United States.
Enrollees were selected to be included in the study if they were between the ages of 40 and 59 years of age, and had at least 2 years of enrollment with a 1 year look back period. Women with continuous coverage were eligible to be included at multiple time points if they were not diagnosed with breast cancer. Those who received a breast cancer diagnosis, confirmed through codes that indicated initiation of breast cancer therapy, were removed from the study after the date of diagnosis. Enrollees who participated in mammography screening were identified using 2013 HEDIS (Healthcare Effectiveness Data and Information Set), including: CPT codes 77055-77057, and 76090-76092; HCPCS codes G0202, G0204, and G0206; ICD-9-CM procedure codes 87.36-87.37; and UB revenue codes 0401 and 0403. HEDIS was used in order to gain the most comprehensive grouping of age-eligible women for the percent study. Although this also included some codes for diagnostic mammograms, it is possible that some providers may have used diagnostic codes instead of screening mammography codes. The authors excluded enrollees with a history of bilateral mastectomy and those who resided in Puerto Rico or other US territories from this study. More than 500,000 women in the 40-49 year age group were selected for each biennial period, and samples for the 50-59 year old cohort ranged from more than 426,000 in 2005-2006 to more than 512,000 in 2010-2011 (Table  1 ). The sampling using HEDIS reflects mammography rates that are about 3% higher compared to sampling that removes cases with codes for a history of breast cancer in the past year and who had a record of a breast mass or cyst 30 days prior to the mammogram, or who had a diagnostic mammogram ( Table 2 ). The present study was exempted from review by the University of Texas Medical Branch Institutional Review Board.
Statistical Analyses
For each biennial period between 2005 and 2012, the authors calculated the proportion of women from each age group (41-49 and 51-59 in the second year of each biennial period) who received a mammogram. -59 years old at the second year of the study period (i.e., the "measurement year"). § The authors looked for evidence of a bilateral mastectomy as far back as possible before the end of the study period. Cochran-Armitage trend tests were used to examine whether there were trends in mammography across time in the US and each of the four US Census regions (Midwest, Northeast, West, and South) within each age group examined. Region was controlled for in the final model for the US. Finally, because a woman could be selected in more than one biennial period, a GEE (generalized estimating equation) model was used to examine the odds of receiving a mammographic exam for each biennial period with autoregressive process order 1 as the covariance structure to account for clustering within individual cases. The biennial period 2008-2009 was the referent time frame, as that would be the biennial period that occurred before any change in population use of mammography could be expected to be observed. Analyses were stratified by age group so that differences across time between the age groups could be determined. All analyses were carried out using SAS Systems Inc. software version 9.3 (Cary, NC).
Results
The frequency of mammograms among 50-59 year olds remained consistent across time, with only slight decreases after [2008] [2009] (Fig. 1a) . A similar, but slightly stronger downward trend was noted among 40-49 year olds. After the 2008-2009 biennium, there were noticeable decreases in the proportion of 40-49 year old women who received a mammography in the Midwest (Fig. 1b) , Northeast (Fig. 1c) , and West (Fig.  1d ), but not in the South (Fig. 1e) . These trends were mirrored by those in the 50-59 year age group, but were not as strong among those women for whom routine screening recommendations are recommended biennially. There was a significant interaction between age group and time in the US as well as in each of the four US Census regions, which indicated that the effect of time on the odds of receiving a mammogram was different in the two age groups (analyses not shown).
Mammography rates ranged between 60% and 62% for privately insured 40-49 year olds and 66% to over 67% among 50-59 year olds in each biennial period of enrollment (Table 3) . Trend tests were significant for each region within the two age groups, with the exception of 40-49 year olds in the South.
Overall (Table 4) . Some of the odds ratios that can be observed in Table 4 may appear to be slightly inconsistent with earlier figures. These differences are due to adjustment in the models for clustering effects within individual cases. The odds of 40-49 year old women receiving a mammogram were similar in the following biennial periods in the Northeast. There were 
Discussion
The national level results add an additional year of data (2012) to current reports in the literature and confirms that there was little change in mammography patterns among insured 40-49 year old females in the US, similar to what was observed in NHIS [5] and Behavioral Risk Factor Surveillance System data [10] . This information verifies that mammography usage has not dropped significantly as a longer amount of time has passed since the USPSTF issued the new mammography guidelines for 40-49 year olds. However, we did find that when data are aggregated across the US, changes in regional trends may be obscured. Non-Western regions showed little to no decrease in the proportion of 40-49 year old women who received trend, p < 0.001 trend, p < 0.001 Table 4 Odds of having a mammogram within each biennial period, by region. mammography screenings, whereas the West showed decreases and the South had a slight increase among both age groups. In Western states, it appeared that mammography was increasing among 40-49 year olds before the 2008-2009 biennium, then dropped off after that period of time, while changes were non-significant among 50-59 year olds until 2010-2011 when the odds of mammography decreased compared to the index biennium. The decreasing trends after the guideline changes in the West may be due to a greater adherence by providers in that region to USPSTF guidelines, as it has been found that guideline adherence varies among providers, especially when guideline conflicts occur [11] . However, it is important to note that changes in trends, although significant, were still very small. It is also important to note that changes in trends among 40-49 year olds were mirrored, in general, across time by 50-59 year olds. This suggests that there may have been other factors affecting mammography usage, or that guideline changes may have also influenced mammography practices among women in the older age group.
In addition to regional variations, it has been found that racial/ethnic variations exist in new mammography guideline compliance. Insured women of Asian descent had both annual and biennial decreases in mammography, while rates did not change among black women [12] . Together, these studies illustrate the importance of conducting analyses with the awareness that regional and other subgroup variations could be obscured by analyses that evaluates national trends. One limitation of this study is that the results are not generalizable to all US women, as the sample was a cohort of continuously insured women. The authors were unable to evaluate demographics other than age and region of the US. Also, they did not exclude women whose mammography test was performed to evaluate symptoms.
The 2009 USPSTF recommendations had minimal impact on biennial mammography usage among 40-49 year old women in the US, but may have impacted mammography practices in the West, in particular. Follow up studies are needed to determine whether regional differences occurred among the uninsured, and whether changes result in missed cancer cases where mammography use may be declining among 40-49 year old women.
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